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ABSTRACT: Gold(III) complexes are emerging as promising 
phosphorescent emitters for high-efficiency OLEDs. However, de-
spite recent advances in the coordination and organometallic chem-
istry of gold, only few compounds have been successful in high-
performance devices. Here, we disclose the synthesis of a new 
phosphorescent  κ3-(N^C^C)-aminophenylalkynyl-N,N’-bisfluo-
renyl-Au(III) complex which exhibits a current efficiency (ηCE) of 
56.4 cd A-1 and an external quantum efficiency (ηext) of 16.2% in 
solution processable OLED devices. Our findings establish a new 
branch of gold(III)-alkyne compounds with remarkable electrolu-
minescent performance for potential application in highly-efficient 
OLEDs. 
Phosphorescent emitters have emerged as promising candidates 
for high-efficiency organic light-emitting diodes (OLEDs).1,2 
These compounds enable to harvest both triplet and singlet exci-
tons, boosting the theoretical limit of the internal quantum effi-
ciency in device to nearly 100%. The heavy metal-induced spin-
orbit coupling is responsible for the efficient intersystem crossing, 
such that the emission comes from the low-energy, quantum-me-
chanically forbidden triplet states.3-5 In addition to the complexes 
derived from iridium(III),6-13 platinum(II),14-19 ruthenium(III)20-22 
and osmium(II),22-24 that have shown promising electroluminescent 
(EL) characteristics, gold(III) analogs, mostly based on the classi-
cal κ3-(C^N^C) pincer ligands (with N = pyridine or pyrazine), 
have recently attracted a lot of attention owing to gold’s natural 
abundance and innate stability.25-44 Nevertheless, due to the low-
lying d-d state and high electrophilicity, only few gold(III) com-
plexes have been explored in the OLED-fabrication context.25-34 In 
these compounds though, the unfavorable ligand-to-metal charge 
transfer transitions (LMCT) [σ(ligand)dσ*(metal)] often cause 
non-radiative losses.45 
Aiming to characterize highly reactive gold(III) intermediates 
proposed in oxidative cross-coupling reactions,46-51 our group syn-
thesized, for the first time, a new family of κ3-(N^C^C)Au(III) 
complexes. The strong σ-donor character of the central anionic 
Csp2-ligand enabled the successful isolation of previously elusive 
gold(III)-fluoride,52 formate53 and carboxylate54 systems. Further, 
the  κ3-(N^C^C) ligand template increased the energy barrier be-
tween the triplet and the singlet non-emissive excited states pre-
sumably reducing the non-radiative losses. As such, and in contrast 
to the classical κ3-(C^N^C)Au(III)Cl pincer complexes, which are 
barely emissive in solution at room temperature, the κ3-
(N^C^C)Au(III)-Cl, -F and -alkynyl derivatives prepared in our 
group showed remarkable photoluminescence (PL) at 25 °C in so-
lution, with PLQYs up to 28%.52 Recently, a high-performance 
OLEDs based on a carbazole derivative of this template has also 
been recently described.55 
Encouraged by these promising results, we report here a strongly 
luminescent  κ3-(N^C^C)-aminophenylalkynyl-N,N’-bisfluorenyl-
Au(III) complex 3, which has been successfully utilized for the 
construction of green solution-processable OLEDs. The resulting 
devices display remarkable performance with EQEs of up to 16.2% 
and maximum current (ηCE) and power efficiency (ηPE) of 56.4 cd 
A–1 and 50.6 lm W–1, respectively. These results contrast with re-
cent observations by Yam et al. regarding the instability of related 
alkynyl complexes,55 thus highlighting how the careful combina-
tion of robust ancillary and anionic ligands can result in high-per-
formance  κ3-(N^C^C)-Au(III)-alkynyl based OLEDs. 
The synthesis of complex 3 is shown in Scheme 1.56 A facile an-
ionic ligand exchange reaction between fluoride precursor 1 with 
alkyne 2 in the presence of triethylamine in dichloromethane 
(CH2Cl2) at 25 °C delivered complex 3 in almost quantitative 
yield. Complex 3 was stable enough to be isolated by column chro-
matography on silica gel as a yellow solid and its structure could 
be unambiguously characterized by both 1H, 13C-NMR spectros-
copy as well as high-resolution mass spectrometry.56 
Scheme 1. Straightforward preparation of complex 3. 
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Studies to characterize the photophysical properties of 3 were 
carried out in a degassed solution in tetrahydrofuran (THF) at 298 
K.56 The absorption (Abs) spectrum (Figure 1a, black curve) re-
veals two major feature peaks corresponding to the spin allowed 
intraligand (IL) [π(alkyne) π*(alkyne)] transition at 250–306 nm 
and to the gold(III) centered IL [π(N^C^C)π*(N^C^C)] transi-
tion at 348–405 nm. A relatively weak tail peak beyond 414 nm is 
proposed to reflect the ligand-to-ligand charge transfer (LLCT) 
[π(alkyne)π*(N^C^C)] transition. An optical energy bandgap 
(Eg) of 3.02 eV was determined from the absorption edge. The pho-
toluminescence (PL) spectrum (Figure 1a, red trace), characterized 
 
with the excitation wavelength (λex) of 365 nm, exhibits a struc-
tureless emission profile peaking at 572 nm. The PL spectrum is 
assigned to the combination of the 3LLCT π[al-
kyne]→π*[(N^C^C)] and metal perturbed 3IL π→π* transitions of 
the cyclometalated ligand, in line with density functional theory 
(DFT) and time-dependent-density function (TDDFT) calculations 
discussed in the computational section below. The absolute PL 
quantum efficiencies (ηPL) at 25 °C were determined to be 12.1% 
and 21.4% in degassed CH2Cl2 and THF solutions, respectively. 
Interestingly, a strong positive solvatochromic effect is observed 
upon increasing the solvent dipole moment, from xylene (0.33 D) 
to toluene (0.45 D), and THF (1.63 D),57 owing to the LLCT from 
the alkynyl triarylamine to the κ3-(N^C^C) pincer ligand. Indeed, 
by increasing the polarity of solvent, the formation of more stable 
excited states tends to induce red-shift emission and peak broaden-
ing58 (For PL spectra of 10-5 M solutions of complex 3 in different 
solvents and additional explanations, see Figure S1 in the Support-
ing Information).56 
Additionally, the phosphorescent (Phos) features of complex 3 
were determined at 77 K in a nitrogen degassed glassy solution of 
2-methyltetrahydrofuran (2-MeTHF) (Figure 1a, blue trace). Com-
pared to the PL spectrum, the Phos emission is more narrowband 
and blue-shifted, with two vibrational components at 491 and 522 
nm, presumably corresponding to the metal perturbed 3IL transition 
of the (N^C^C) ligand.59 The triplet energy (ET), estimated from 
the emission maxima in the Phos spectrum, resulted in a value of 
2.53 eV. The time-resolved (TR) PL response was simultaneously 
characterized (Figure S4 and S5 in the SI). At 298 K, the PL decay 
displays the prompt component with a lifetime τ1 of 2.7 ns and the 
delayed component with a lifetime τ2 of 144.2 ns (Figure S4). At 
77 K, the Phos decay becomes mono-exponential with a long life-
time τ of 45.1 µs (Figure S5). The observed long lifetime at 77 K 
is a clear signature for a phosphorescent compound.59,60  
The electrochemical behavior of complex 3 was characterized 
using cyclic voltammetry (CV) (Figure 1b).56 An irreversible re-
duction potential wave emerges at -1.63 V, which is attributed to 
the cyclometalated κ3-(N^C^C) ligand.29,32,38,55 The first irreversi-
ble oxidation potential curve at +0.76 V is assigned to the alkyne 
unit of triarylamine ligand.26,29,32 Moreover, a secondary quasi-re-
versible oxidation couple at +0.86 V could be associated to the flu-
orene subunits of the ancillary ligand itself.29 The energy levels of 
the highest occupied molecular orbital (HOMO) and the lowest un-
occupied molecular orbital (LUMO) of 3 were therefore deter-
mined to be -5.56 eV and -2.54 eV, respectively (Table S1 in the 
SI). 
Differential scanning calorimetry (DSC) and thermogravimetric 
analysis (TGA) were used to study the thermal properties of this 
new complex.56 A high thermal stability was observed, with a de-
composition temperature (Td) of 337 °C and a glass transition (Tg) 
temperature of 146 °C (Figures S2 and S3 in the SI). We attribute 
these remarkable features to the rigid nature of the fluorene and 
acetylenic groups as well as to the strong π → π* interactions be-
tween the pincer and the alkynyl ligand.61,62 Note that a high Tg is 
prerequisite for forming intact amorphous films in OLEDs. 
DFT and TDDFT calculations were carried out to gain a deeper 
understanding of the electronic structure and the origin of the elec-
tronic transitions observed for this compound.56 Its optimized 
ground-state (S0) geometry including selected structural parame-
ters is shown in Figure 2a. Calculations of the first ten singlet-sin-
glet transitions in 3 and the frontier orbitals involved in these tran-
sitions can be found in Table S4 and in Figure S13 in the Support-
ing Information, respectively. The analysis of the transitions with a 
large coefficient and non-zero significant oscillator strengths in the 
region of the low-lying absorption bands for complex 3 (ca. 459 
nm) correlate with major contributions from the HOMO → LUMO 
and HOMO → LUMO+2 excitations. The HOMO is predomi-
nantly the π orbital of the ethynyltriphenylamine ligand. The 
LUMO correlates with the π* orbital of the pyridine moiety and the 
central aromatic ring of the pincer ligand whereas the LUMO+2 
correlates with the π* orbitals of the fluorene moieties. Thus, the 
low-lying absorption bands measured for 3 can be assigned to the 
metal-perturbed LLCT [π(alkyne)→ π*(N^C^C)] and the IL [π(al-
kyne)→ π*(alkyne)] transitions (vide supra). The energy gap be-
tween HOMO-LUMO orbitals is computed to be 3.10 eV, in good 
agreement with the experimental results obtained from the CV ex-
periments. Optimization of the geometry of the lowest-lying triplet 
excited state (T1) has been performed to provide further insights 
into the nature of the emissive states of 3. Differences in bond 
lengths between the T1 states and the corresponding ground states 
are shown in Figure S14 in the Supporting Information although no 
major geometrical changes were found and the geometry in both its 
S0 and T1 states is maintained so that no major excited state struc-
ture distortions were observed. The plots of the spin density of the 
emissive state are mainly localized on both the pincer and the al-
kynyl ligand as well as on the metal center, supporting a mixture of 
metal-perturbed 3IL and 3LLCT character in the T1 state (Figure 
2b). The calculated emission energy of 3 is 522 nm, which is rela-
tively close to the results disclosed in the PL spectrum and explains 
the green emission observed for this complex. 


















Figure 1. (a) Absorbance (Abs) in black (in THF at 298 K), photo-
luminescence (PL) spectra in red (in 2-MeTHF at 298 K) and phos-
phorescence (Phos) spectra in blue (in 2-MeTHF at 77 K) of 3. (b) 
Cyclic voltammogram of 3 recorded in argon-degassed CH2Cl2 
with a 0.1 M tetrabutylammonium hexafluorophosphate 
(TBAHFP) electrolyte, an internal reference of ferrocene and a 
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Figure 2. (a) Optimized ground-state geometry of 3. H atoms are omitted for clarity. Bond distances are given in Angstroms (Å) and angles 
in degrees (°). (b) Plot of the spin density (isovalue = 0.002) of the emissive state of 3. H atoms are omitted for clarity. (c) Orbital energy 
diagram of the frontier molecular orbitals of 3. 
 
To evaluate the electroluminescence (EL) characteristics of 
complex 3, solution-processed emission layer (EML) was used in 
OLED devices. At the outset, the EML was prepared by varying 
the doping concentration of complex 3 from 5 to 20 wt% in five 
different hosts, 4,4’-bis-(N-carbazolyl)-1,1’-biphenyl (CBP), 
poly(9-vinylcarbazole) (PVK), 2,6-bis-(3-(9H-carbazol-9-
yl)phenyl)pyridine (26DCzPPy), bis-4-(N-carbazolyl)-phenyl)-
phenylphosphine oxide (BCPO) and PVK: 1,3-bis[2-(4-tert-
butylphenyl)-1,3,4-oxadiazo-5-yl]benzene (OXD-7) mixed host 
with a respective ratio of 60:40 (see Figure S7 in the Supporting 
Information). A device architecture of indium tin oxide (ITO; 120 
nm) anode/poly(3,4-ethylene-dioxythiophene)-poly(styrene 
sulfonate) (PEDOT:PSS; 32±3 nm)/EML (32±1 nm)/2,2',2"-(1,3,5-
benzinetriyl)-tris(1-phenyl-1-H-benzimidazole) (TPBI; 35 
nm)/lithium fluoride (LiF ; 1 nm)/aluminum (Al; 100 nm) cathode 
was selected for subsequent studies (Figure S6a). 
Numerous devices were fabricated to optimize the host matrix 
and emitter doping concentration (See summary in Table S2 and 
Figure S8 in the Supporting Information). The device based on 
PVK:OXD-7 (60:40) mixed host and 10 wt% complex 3 showed 
the best performance among all five hosts studied with a maximum 
ηCE of 46.6 cd A−1 and ηext of 14.1%. %. Moreover, complex 3 
shows a high ηPL of 68±5% by doping with the PVK:OXD-7 
(60:40) mixed host matrix. The EL spectrum exhibits the maximum 
at 508 nm together with a power efficiency (ηPE) of 32.6 lm W−1. 
The high efficiencies in the PVK:OXD-7 mixed host device is 
attributed to the following factors: (i) The host-to-guest energy 
transfer is efficient due to a large overlap of host emission and guest 
absorbance spectra (Figure S9). (ii) The mixed host design enables 
effective carrier injection as PVK has a shallow HOMO energy (-
5.8 eV; for hole injection) and OXD-7 has a lower LUMO 
compared to ETL (-0.3 eV; for electron injection).61 (iii) The angle-
dependent PL measurement reveals that the emission dipole is 
moderately oriented horizontally, having the probability of in-plane 
dipole of 68%, which slightly increases the light outcoupling 
efficiency (Table S3 and Figure S10 in the Supporting 
Information). As shown in Figure S8n and Table S2, the EL 
emission maximum gradually redshifts from 504 to 524 nm and 
CIEx,y coordinates from (0.253, 0.553) to (0.292, 0.583) by 
increasing the doping concentration from 5 to 20 wt%. 
Further optimization led to an even higher ηCE (ηext and ηPE) of 
56.4 cd A−1 (16.2% and 50.6 lm W−1) at 100 cd m−2 by depositing 
a thin layer of hole transport layer (HTL) of Poly-TPD after 
PEDOT:PSS layer and a 5 nm thin hole confinement layer of PO-
T2T before TPBi layer (Figure 3 and Figure S7b in Supporting 
Information). In addition, the TPBi layer thickness was also 
increased from 35 nm to 45 nm to improve the light-outcoupling by 
reducing the surface plasmonic loss as affirmed by optical 
simulations (Figure S11). The device also demonstrates the highest 
luminance of >9000 cd m−2 at the current density of 113 mA cm−2. 
High EL performance and low efficiency roll-off appears to stem 
from a balanced carrier injection and effective carrier confinement 
within the emissive layer.63 As illustrated in Figure S12, the EL 
emission spectra demonstrate excellent stability throughout the 
operation voltage ranging from 4 V to 8 V. 
In conclusion, we report here a highly efficient green solution 
processable phosphorescent OLED based on a newly synthesized 
 κ3-(N^C^C)-aminophenylalkynyl-N,N’-bisfluorenyl-Au(III) com-
plex. The device, with a maximum ηCE of 56.4 cd A-1 and ηext of 
16.2% represents a new entry towards the development of low-cost 
solution-processed OLEDs. Further optimization in the structure of 
the gold(III) complex and in the fabrication of devices is ongoing 
in our laboratories and will be reported in due course.  
 
             
Figure 3. EL characteristics of devices containing 10 wt% of 3 in 
the PVK:OXD-7 (60:40) host. (a) Current density and luminance 
as a function of voltage. (b) Current efficiency as a function of cur-
rent density. Inset: EL spectrum of device at 4 V. (c) Power effi-
ciency as a function of current density. Inset: Photograph of an 
OLED device with an active area of 25 mm. 
EXPERIMENTAL/METHODS  
Synthesis of Materials. The detailed synthesis and characteri-
zation of the newly developed gold(III) complex is described in the 
Supporting Information. 
Theoretical Calculation. DFT calculations were performed us-
ing Gaussian 09.5.56 
Electrochemistry. CV measurements were carried out on a 
Metrohm Autolab potentiostat/galvanostat using a platinum wire 
counter electrode and a glassy carbon working electrode.56 
Photophysical Measurements. Ultraviolet-visible (UV-vis) 
spectrum of gold(III) complex was collected in 10-5 M in dichloro-
methane (DCM) using a JASCO V670 spectrometer. Photolumi-
nescence (PL) spectra were recorded with Hamamatsu CCD spec-
trometer at an excitation wavelength of 370 nm. Time resolved 
photoluminescence (TRPL) spectra were collected using a Hama-
matsu Quantaurus-Tau (Q-Tau) Fluorescence Lifetime Spectrome-
ter (C11367-31) equipped with a time correlated single photon 
counting (TCSPC) measurement system. Phosphorescence spectra 
were acquired using a Hamamatsu Quantaurus-Tau (Q-τau) Fluo-
rescence Lifetime Spectrometer (C11367-31) equipped with an Op-
tistatDN2 cryostat from Oxford Instruments.56 
Device Fabrication and Characterization. Patterned ITO 
coated glass substrates were brush cleaned using the Extran MA02 
neutral detergent and deionized (DI) water mixture (1:3). Subse-
quently, all substrates were sequentially sonicated in acetone and 
isopropanol, each 20 min., then irradiated in oxygen plasma for 10 
min. Thereafter, an aqueous PEDOT: PSS solution was spin-coated 
at a speed of 4000 rpm for 50 s then annealed at 130 °C for 30 min. 
in the ambient conditions. These substrates were then transferred 
into a nitrogen filled glovebox for the deposition of successive lay-
ers. An optional hole transporting layer (HTL) of Poly-TPD was 
spin-coated on PEDOT:PSS layer at 3000 rpm for 40 s then an-
nealed at 130 °C for 30 min. Successively, the emission layers 
(EML) were spin-casted at 2500 rpm for 40 s, which comprised the 
mixture of complex and host (polymeric or molecular). All sub-
strates were transferred in the ultrahigh vacuum chamber (~8×10-
8 mbar). Subsequently, an optimized ETL (TPBi), hole blocking 
layer (PO-T2T), and EIL (LiF) was thermally evaporated on the 
EML through thermal evaporation. Finally, a 100 nm Al cathode 
layer was also deposited on the EIL through a shadow mask. Each 
substrate is designed to realize four pixels, each with an active area 
of 25 mm2 as defined by the overlapping between Al and ITO lay-
ers. All the devices were stored in the glove box and characterized 
under the ambient conditions.56 
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